Abbreviations used: ALP -alkaline phosphatase; BMP-2 -Bone morphogenetic protein-2; Cbfa1/Runx2 -Core binding factor, runt domain, alfa subunit 1; Dex -Dexamethasone; GCglucocorticoid; IGFBPs -insulin like growth factor binding proteins; IGFs -insulin like growth factors; MSC -mesenchymal stem cells; OC -osteocalcin; OPN -osteopontein; RT -reverse transcriptase.
INTRODUCTION
The proliferation and differentiation of osteoblasts are controlled by various local growth factors and cytokines produced in the bones, and by systemic hormones [1] . IGF-I and IGF-II are among the most abundant growth factors synthesized by osteoblasts. They can be stored locally in the bone matrix. A number of in vitro and in vivo findings demonstrated that IGFs are important regulators of bone formation and that they stimulate the proliferation and differentiation of osteoblasts [2] . The actions of IGFs in bone are mediated via two cell surface IGF-receptors (IGF1R and IGF2R), and positively or negatively regulated by a family of six structural and evolutionary IGF-binding proteins (IGFBP-1 to -6) [3] . Each individual IGFBP either inhibits or potentiates the effects of IGFs on osteoblasts. For example, IGFBP-1, IGFBP-3 and IGFBP-4 have been consistently shown to inhibit IGF activity. By contrast, exogenous IGFBP-5 enhances the mitogenic potential of IGF-I or IGF-II in osteoblast culture, and has an important role in the storage of IGF-I in the bone matrix, while IGFBP-6 has a much greater affinity to IGF-II than IGF-I, and acts as a negative regulator of IGF-II activity in osteoblasts. IGFBPs can also act independently as growth modulators for cell growth, migration and apoptosis. For example, IGFBP5 can function as a growth regulator to stimulate bone formation parameters in vitro and in vivo (reviewed in [4] ). The production of the IGF-system in osteoblasts was shown to be regulated by the steroid hormone glucocorticoids (GCs), and the secosteriod hormone (1,25-dihydroxyvitamin D3) [5] . GCs were among the first agents identified to mediate osteogenic differentiation in vitro, where their effect was associated with the regulation of the IGF-system [6] . GCs were shown to suppress the production of IGF-I and -II at the mRNA and protein levels in osteoblastic cell cultures [7] and to have a major effect on the modulation of mRNA expression and the secretion levels of IGFBPs, including IGFBP-3, -4, and -5 [8] . 1,25(OH) 2 D 3 plays an important role in maintaining skeletal integrity and osteoblast functions. 1,25(OH) 2 D 3 stimulates the osteoblasts to produce several non-collagenous proteins, including osteocalcin, osteopontin and alkaline phosphatase [9] . Several studies have reported on the regulatory effect of 1,25(OH) 2 D 3 on IGF/IGFBP synthesis and release in bone marrow mesenchymal stem cells (MSC) and osteoblastic cell lines. 1,25(OH) 2 D 3 was shown to modulate the expression of the IGF-I receptor in osteoblastic cells and to increase the mRNA expression and secretion of IGFBP-2, -3, and -4 in hMSC [10] and IGFBP-3 in human osteoblastic cells [11] . Considering the regulation of the IGF-system by GCs and 1,25(OH) 2 D 3 , it is believed that IGF-system can act as a mediator for the biological function of GCs and the effects of vitamin D3 on osteoblasts. In the study of osteoblast differentiation, the NIH3T3 cell line has generally been used as a negative control for other mouse osteoblastic-like cell lines, including MC3T3 and C3H10T1/2; however, several studies demonstrated that NIH3T3 cells have some osteoblastic potential when treated with different growth factors and hormones [12] . For example, the treatment of NIH3T3 with BMP-2 resulted in an increase in the alkaline phosphatase (ALP) activity [13] , while Dex stimulates the 1,25(OH) 2 D 3 -induced osteoblastic differentiation of NIH3T3 by up-regulating ALP, ostocalcin and osteopontin [12] . Moreover, overexpression of Core-binding factor1 (Cbfa1/Runx2), (the main regulator of osteoblast formation) promotes the activation of osteocalcin in NIH3T3 [14] . In my attempt to understand the molecular mechanism(s) underlying the osteoblast differentiation of NIH3T3 cells, I studied the possible regulation of the IGF/IGFBP expression pattern by 1,25(OH) 2 D 3 and Dex during osteoblast differentiation. I found that NIH3T3 cells express the mRNA of IGF-I and -II, and BP-2, -5 and -6 at different levels under basal culture conditions. My data demonstrated the regulation of the expression pattern of the IGF-system during the osteoblast differentiation of the NIH3T3 cell line.
MATERIALS AND METHODS

Cell culture
The murine NIH3T3 fibroblast cell line was obtained from the American Type Culture Collection. Cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum (FCS) and 1% penicillin/streptomycin (Gibco, Denmark) at 37ºC in a humidified atmosphere containing 5% CO 2 induction medium. A colorimetric ALP activity assay was performed on whole cell extracts as described previously [15] using p-nitrophenyl phosphate as a substrate (ABX Pentra ALP CP kit, HORIBA ABX Diagnostic, Montpellier, France). ALP activity was normalized to the total cellular protein assessed via the Bradford assay (Bio-Rad, Hercules, CA, USA) and expressed as units/mg protein. One unit of alkaline phosphatase activity is defined as the enzyme activity that will liberate 1 μM of p-nitrophenol per 30 min at 37ºC.
RNA isolation and RT-PCR analysis
Total RNA was isolated from cultured cells using the single step method with TRIzol according to the manufacturer's instructions. The integrity and purity of the total RNA was verified spectrophotometrically and by gel-electrophoresis on 0.8% SeaKem agarose (BMA, Hellerup, Denmark). For reverse transcriptase (RT), first strand complementary DNA was synthesized from 5 μg of total RNA using a commercial revertAid H minus first strand cDNA synthesis kit (Fermentas, Copenhagen, Denmark) according to the manual.
Real-time PCR
Quantitative PCR was performed in an iCycler IQ detection system (Bio-Rad, Herlev, Denmark) using SYBR ® Green I as a double-strand DNA-specific binding dye. Thermocycling was performed in a final volume of 20 µL containing 3 µL of cDNA sample (diluted 1:30), 20 pmole of each primer, 2 mM MgCl 2 , 0.2 mM dNTP mixture, 1x Taq reaction buffer, 0.5 U HotStart Taq DNA polymerase (Qiagen, VWR, Denmark), 0.5 µL of a 1:3000 dilution of SYBR Green I (Roch Molecular Biochemicals, Denmark), and 10 nM Flourescein Calibration Dye (Bio Rad) (for collecting the well factor directly from the experimental plate). The quantification of the target gene and ß-actin mRNA was performed in separate tubes using the primers in Tab. 1. The cycle conditions for the iCycler were started by using the experimental plate as a source of collecting well factors according to the Bio-Rad operating instructions, followed by a denaturing step at 95ºC for 10 min and 40 cycles of 95ºC for 30 sec, 60ºC for 30 sec and 72ºC for 1 min. Each reaction was run in triplicate and the fluorescence data was specified for collection at the end of the extension step in every cycle. To ensure specific amplification, a melting curve was done for each PCR reaction by increasing the temperature from 60ºC to 95ºC at an increment rate of 0.5ºC/10 sec. To verify the melting curve results, all the samples were run in 1.5% agarose gel electrophoresis and visualised with ethidium bromide staining. The relative expression for each target gene was calculated using the comparative Ct method (formula: [(1/(2 ∆Ct )], where ∆Ct is the difference between the Ct target and Ct-reference) after normalization to β-actin mRNA (Perkin Elmer's User Bulletin No. 2). The data was analyzed using the Bio-Rad optical system software version 3.0 and Microsoft Excel 2000 to generate relative expression values.
Tab. 1. Real-time PCR primer sequences used in this study.
Gene
Primer sequence Product size
Reference gene β-actin 
Statistical analysis
All the values are expressed as the means ± SD (standard deviation). The statistical significance of differences between the induced and non-induced cells was calculated via Student's t-test. P < 0.05 was considered significant.
RESULTS
Osteoblast differentiation of NIH3T3 is associated with the regulation of IGF/IGFBP expression I first examined the osteoblast differentiation potential of the NIH3T3 cell line. As shown in Fig. 1A , the treatment of NIH3T3 cells with a combination of both 1,25(OH) 2 D 3 and Dex was sufficient to stimulate the osteoblast differentiation of this cell line by increasing the mRNA expression levels of the osteoblastic markers of osteocalcin (OC), alkaline phosphatase (ALP) and osteopontein (OPN) over the 12-day period of induction. Consistent with the upregulation of ALP mRNA expression, the biochemical activity of ALP was shown to increase during the osteoblast differentiation of NIH3T3 (Fig. 1B) . I further studied the expression pattern of IGF/IGFBP mRNA in NIH3T3 cells under basal culture conditions and its possible regulation during osteoblast differentiation. Under basal culture conditions, I found that these cells express high mRNA levels of both IGF-I and -II as well as IGFBP-5, and low levels of both IGFBP-2 and -6, while no expression of IGFBP-1,-3 and -4 was observed Fig. 1C) . IGF-I expression was significantly repressed (by more than 70%) during osteoblast differentiation (Fig. 1C ). These results demonstrate that both IGF-I and IGFBP-5 mRNA are the main components of the IGF-I system that were markedly regulated during the osteoblast differentiation of NIH3T3. (Fig. 1C) . As shown in Fig. 2B , treating NIH3T3 cells with Dex markedly inhibits the expression of IGF-I (by 60%) and stimulates IGFBP-5 mRNA by 30-to 40-fold in a dose-and timedependent manner. In order to avoid interference from any IGFs or IGFBPs that are normally found in the serum, I analyzed the expression pattern of IGFs/IGFBPs in NIH3T3 cells in response to 1,25(OH) 2 D 3 or Dex in a serum-free medium. As with the expression pattern of the IGF-system that was obtained in the serum-containing medium, 1,25(OH) 2 D 3 was shown to exert a stimulatory effect on both IGF-I and IGFBP-6, by 4-and 6-fold, respectively, as assessed via real-time PCR (Fig. 3A) . Furthermore, Dex was able to reduce the expression level of IGF-I by 45% and to stimulate the expression of IGFBP-5 by 25-fold in a dose-dependent manner after 48 h of induction (Fig. 3B ). This data demonstrated the regulation of the IGF/IGFBP system by Dex during osteoblast differentiation of the NIH3T3 cell line. 
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DISCUSSION
In this study, I demonstrated that the osteoblast differentiation of the murine fibroblast cell line NIH3T3 is associated with the regulation of the IGF/IGFBP system by glucocorticoid in the presence of 1,25(OH) 2 D 3 . This data might suggest a mechanism by which the stimulatory effect of Dex on 1,25(OH) 2 D 3 -induced osteoblast differentiation in NIH3T3 is mediated at least in part by regulating the IGF-system. These results are of great importance to be considered when using NIH3T3 as a control for any murine osteoblastic cell lines. IGFs act in diverse patterns, via a combination of endocrine, autocrine, and paracrine modes of action, to regulate the differentiation functions of the osteoblasts. In this study, I demonstrated that the NIH3T3 cell line expresses the mRNA of IGF-I and -II, and that of three of the IGFBPs (-2, -5 and -6) when cultured under basal culture conditions. Among these expressed components of the IGF-system, only IGF-I and IGFBP-5 mRNA were regulated during osteoblast differentiation by glucocorticoid when administered alone or in combination with 1,25(OH) 2 D 3 . My finding that Dex markedly inhibited IGF-I expression is consistent with the known inhibitory effect of Dex on IGF-I expression in several osteoblastic cell models. For example, Dex was observed to inhibit IGF-I expression in cultured rat bone cells [7] and human bone marrow stromal cell cultures [8] , and also to have an adverse effect on IGF-I-mediated signaling of osteoblast differentiation in hMSC cells [16] . In addition, by contrast to the anabolic effect of IGF-I on bone, in vivo exposure to excessive glucocorticoids results in rapid bone loss with an increase in osteoporotic fracture risk [17] . Therefore, it was suggested that some of the actions of glucocorticoids may be mediated by the downregulation of osteoblastic IGF [18] . In vitro studies indicate that the effects of GCs on osteoblast differentiation vary with the stage of cell growth and differentiation. GCs were reported to be crucial for the induction of osteoblast differentiation in both human and rat bone marrow stromal cells [6, 8] , while they decreased the rate of cell proliferation of mature osteoblasts and osteocytes by inducing apoptosis as well as inhibiting the cell cycle [19] . It has been reported that the administration of Dex alone is not enough to induce osteoblast differentiation in NIH3T3, but it can rather inhibit its cell proliferation [20] . Since IGF-I is known to have a mitogenic effect on many cells [21] , it is therefore plausible that the inhibitory effect of Dex on IGF-I expression might represent one of the mechanisms used by Dex to induce the growth arrest of NIH3T3, and hence promote the stimulatory effect of 1,25(OH) 2 D 3 on osteoblast differentiation. In this context, the inhibitory effect of Dex on cell growth and IGF-I synthesis has been reported for murine osteoblastic cells during their differentiation [22] . My finding that Dex markedly stimulates IGFBP-5 mRNA expression during the osteoblast differentiation of NIH3T3 contrasts with the reported inhibitory effect of Dex on the expression of IGFBP-5 in human osteoblastic-like cells [23] , and cultured cells from human rib marrow [8] . On the other hand, in non-osteoblastic cell types, the regulatory effects of Dex on IGFBP-5 were controversial. Dex was shown to block the induction of IGFBP-5 mRNA by IGF-I in a bovine fibroblast model, while it did not exert any influence on the IGF-I regulation of IGFBP-5 in human fibroblasts [24] . Moreover, Dex decreases the steady state levels of IGFBP-5 mRNA in the pituitary cell line [25] . This data suggests that the regulation of IGFBP-5 by GC treatment may be species and/or cell-type specific. IGFBP-5 is the most abundant IGFBP produced by the osteoblasts; it is stored in bone, where its binding to the extracellular matrix proteins provides a mechanism of regulating the fixation of IGFs, and hence modulates their bioavailability. In vivo and in vitro data support the notion that IGFBP-5 acts as a growth factor via an IGF-independent mechanism [26] . The addition of IGFBP-5 to mouse osteoblast cells derived from IGF-I knockout or wild type mice increased proliferation, ALP activity and osteocalcin expression. Similarly, local administration of rhIGFBP-5 to the outer periosteum of calvarial bone of IGF-I knockout and wild type mice increased the bone formation parameters and osteoblastic markers of ALP and osteocalcin [27] . Given the independent stimulatory effects of IGFBP-5 on bone cells, it might be suggested that the stimulatory effect of Dex on the vitamin D3-induced osteoblast differentiation of NIH3T3 is mediated, at least in part, by increasing the production of stimulatory IGFBP-5. However, this proposed mechanism needs further investigation, as the in vitro overexpression of IGFBP-5 in the clonal mouse osteoblastic cell line MC3T3 resulted in impaired osteoblast function as assessed by the reduced expression of osteoblastic markers and inhibition of matrix mineralization [28] . In this context, it is better to investigate the biological consequences of the loss of function of endogenous IGFBP-5 using siRNA rather than to study the effect of adding exogenous IGFBP-5, which resulted in broadly variable effects in many cell systems. The effects of GCs have been studied on other members of the IGF/IGFBP system. For example, it has been reported that Dex can induce IGF-II at both the mRNA and protein levels in human mesenchymal stem cells (hMSC) during osteoblast differentiation [8] , and the expression of IGFBP-2 was shown to be regulated by Dex in osteoblastic cell cultures in a positive [29] or negative manner [30] . However, I could not detect any changes in the mRNA expression levels of IGF-II or IGFBP2 in NIH3T3 cells treated either with Dex alone or in combination with 1,25(OH) 2 D 3 . On the other hand, the regulatory effects of 1,25(OH) 2 D 3 on the IGF-system are controversial based on the cell type, culture condition and the stage of cell differentiation [9] . I found that treating NIH3T3 with 1,25(OH) 2 D 3 alone, leads to moderate increases in the expression of IGF-I and IGFBP-6 in a dose-and time-dependent manner. Consistent with my findings for IGF-I, 1,25(OH) 2 D 3 was shown to mediate its stimulatory effect on osteoblast formation by increasing the production of IGF-I by human osteoblast cells [31] and mouse calvarial cells [32] . In addition, 1,25(OH) 2 D 3 upregulates many members of the IGFBPs including IGFBP-2, -3 and 4 in hMSC and IGFBP-5 in mouse osteoblastic cells [11, 33] . On the other hand, the stimulatory effect of 1, 25(OH) 2 D 3 on IGFBP-6 is unique for NIH3T3 and has not been reported before for any osteoblastic cell line, and therefore might need further investigation. IGFBP-6 has a much greater affinity for IGF-II than IGF-I, and it exerts an inhibitory effect on IGF-II-induced effects on proliferation and differentiation in osteoblasts and other cell types [34] . For example, exogenous IGFBP-6 inhibits the IGF-II-stimulated DNA synthesis in cultured rat calvarial cells [35] . In addition, IGFBP-6 mediates the inhibitory effect of retinoids on human osteoblast function [36] . Despite this inhibitory effect of IGFBP-6 on osteoblast differentiation in vitro, the effect of IGFBP-6 on bone in vivo remains unclear, since the IGFBP-6 knockout mice do not appear to differ significantly from the controls [37] . In conclusion, my data suggested a role of the IGF-system in osteoblast differentiation of the mouse fibroblastic cell line NIH3T3. The direct implication of the IGF-system in this process still needs further investigation. NIH3T3 as a clonal and non-tumorogenic cell line that has infinite proliferative capacity in vitro and can differentiate into both adipocyte and osteoblast lineages could provide an excellent in vitro cell model to study the regulation of the IGFsystem by several growth factors and hormones that mediate osteoblast or adipocyte differentiation. Such studies will enable an understanding of the direct/indirect involvement of IGFs/IGFBPs in these differentiation processes.
